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Does routine use of aortic ultrasonography 
decrease the stroke rate in coronary artery 
bypass surgery? 
Andrew M. Duda, MD,  Lee B. Letwin, MD,  Francis P. Sutter, DO,  and 
Scott M. Goldman, MD, Wynnewood, Pa. 
Purpose: The purpose of this study is to determine whether the routine use ofintraoperative 
surface aortic ultrasonography decreases the stroke rate in coronary artery bypass graft 
surgery (CABG). 
Methods: One hundred ninety-five consecutive patients undergoing CABG between July 1, 
1992, and June 30, 1993 (study group), were evaluated by intraoperative surface aortic 
ultrasonography. Based on information obtained, changes in the operative technique were 
made in an effort to decrease the incidence of embolic stroke from unsuspected 
atherosclerotic disease of the ascending aorta. The outcome of these patients was compared 
with that of 164 consecutive patients who underwent CABG between July 1, 1991, and 
June 30, 1992 (control group), in whom the ascending aorta was assessed by inspection 
and palpation only. 
Results: Significant disease was detected in three (2.0%) of 164 patients in the control 
group. Modifications in their operative technique Consisted of hypothermic fibrillatory 
arrest with no cross-clamping ofthe aorta and left ventricular venting in two patients and 
single cross-clamping in one patient. There were five strokes overall in this group (3.0%), 
and six patients died (3.6%), one in whom the stroke contributed directly to the cause of 
death. In the study group the ultrasonic findings were normal to mild in 168 patients, 
moderate in 20 patients, and severe in seven patients. These results led to a modification 
of the technique in 19 patients, (10%): hypothermic fibrillatory arrest with no 
cross-clamping ofthe aorta and left ventricular venting in 14 patients, modification i the 
aortic cannulation site or single cross-clamping in three patients, and modification in 
placement of proximal anastomoses or all arterial grafts in two patients. No strokes 
occurred in this group (p < 0.02, Fisher's exact est). Five patients died, for an operative 
mortality rate of 2.6%. 
Conclusion: These data indicate that intraoperative ultrasonography of the ascending aorta 
with simple modifications inoperative technique reduces the stroke rate in CABG. (J VASC 
SURG 1995;21:98-109.) 
Despite advances in perioperative management 
and operative, and bypass techniques, stroke re- 
mains a significant, particularly morbid, and costly 
complication of  coronary artery bypass grafting 
(CABG). It is estimated that the cost of a stroke 
in terms of hospitalization, rehabilitation, and lost 
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earnings potential is in the range of $250,000 per 
patient} 
A major cause of stroke in the immediate 
postoperative period is embolization during ma- 
nipulation of  the ascending aorta from unsuspected 
atherosclerotic disease. Aortic ultrasonography as 
been suggested as a method to assess the ascending 
aorta with modifications in operative technique, 
resulting in a decreased incidence of mbolic stroke. 
To determine if the use of aortic ultrasonography 
decreases the stroke rate in CABG surgery, we 
performed routine ultrasonic examinations f  the 
ascending aorta on consecutive patients undergoing 
CABG surgery for 1 year and compared their 
outcomes with those of  a control group of con- 
secutive patients who had undergone CABG the 
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Table I. Patient demographics 
Study group (n = 195) Control group (n = 164) p Value 
Age (yr) 
Range 34-90 39-83 
Mean 67 66 0.317 
Sex (n/%) 
Male 139/71 125/76 
Female 56/29 39/24 0.294 
EF (%) 
Range 21-89 20-87 
Mean 59 54 0.342 
DM (n/%) 68/35 43/26 0.075 
Hypercholesterolemia (n/%) 127/65 116/71 0.258 
Smoking (n/%) 116/59 104/63 0.45 
Hypertension ( /%) 129/66 84/51 0.004 
PVD (n/%) 45/23 27/16 0.12 
Hx CVA/TIA (n/%) 9/5 8/5 0.824 
EF, Ejection fraction; DM, diabetes mellitus; PVD, peripheral vascular disease; Hx CVA/TIA, history of cerebrovascular accident or 
transient ischemic attacks. 
previous year in which aortic ultrasonography was 
not used. 
PATIENTS AND METHODS 
From July 1, 1991, to June 30, 1993, 359 
patients underwent primary or redo CABG proce- 
dures at the Lankenau Hospital and Medical Re- 
search Center, Wynnewood, Pa. These were divided 
into two groups of patients. One group (the control 
group) consisted of 164 consecutive patients who 
underwent primary or redo CABG surgery from July 
1, 1991, to June 30, 1992. Intraoperative aortic 
assessment was by inspection and palpation only, 
with modifications in operative technique based on 
these findings. The second group (study group) 
consisted of 195 consecutive patients who underwent 
primary or redo CABG surgery from July 1, 1992 to 
June 30, 1993. Intraoperative aortic assessment was 
by surface aortic ultrasonography performed before 
aortic cannulation. Modifications in operative tech- 
nique were based on ultrasound findings. Patient 
groups were similar with regard to age, sex, ejection 
fraction, and the presence of diabetes, hypercholes- 
terolemia, cigarette smoking, peripheral vascular 
disease, and a history of cerebral vascular accident or 
transient ischemic attack. A history of hyperten- 
sion was slightly more common in the study group 
(Table I). Patients undergoing isolated valve, com- 
bined CABG and valve, CABG and carotid endar- 
terectomy, or CABG and ventricular aneurysm re- 
section were excluded. 
Preoperative evaluation. All patients underwent 
routine preoperative t sting, including chest radiog- 
raphy, electrocardiography, complete blood count, 
platelet count, prothrombin time, partial thrombo- 
plastin time, electrolytes, equential multiple analysis 
12, urinalysis, blood urea nitrogen, creatinine clear- 
ance, cardiac atheterization, and other cardiac stud- 
ies. All patients also underwent routine carotid 
duplex scanning, and Doppler flow studies before 
surgery. Those with positive scan results (> 80% 
stenosis of the internal carotid artery) underwent 
carotid arteriography and, where appropriate, com- 
bined CABG and carotid endarterectomy. The group 
undergoing combined carotid arteriography/CABG 
was not included in this review. 
Technique. Standard cardiopulmonary b pass 
techniques with cannulation of the ascending aorta 
and single venous cannulation of the right atrium 
were employed. Myocardial protection was achieved 
with continuous retrograde cardioplegic solution and 
moderate hypothermia with temperatures of 32 ° C. 
Modifications in operative technique were based on 
operative findings related to the ascending aorta. 
Moderate to severe findings on aortic ultrasonogra- 
phy mandated changes in technique when they 
interfered irectly with the routine manipulation of 
the ascending aorta. Moderate changes, low and 
posterior on the aorta, did not require an alteration 
in technique. Operative changes consisted of modi- 
fications in placement of the aortic cannula nd cross 
clamp, femoral artery cannulation, the use of hypo- 
thermic fibrillatory arrest with no aortic cross-clamp 
and left ventricular venting, single cross-clamp tech- 
nique, modifications in placement of proximal vein 
graft anastomoses, or the use of all arterial grafts. 
The technique of aortic ultrasonography was 
performed with the Hewlett-Packard Sonos 500 
echocardiographic machine with the 5 mHz probe 
(model 21210B; Hewletr-Packard Co., Palo Alto, 
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Fig. i. Normal ascending aorta is shown which requires no change in operative technique 
(transverse [A] and longitudinal [B] views). 
Calif.) and standoff (model 21286A; Hewlett- 
Packard Co.). The aorta was scanned longitudinally 
and transversely. Recordings were made on VHS 
tape, along with select hard copies of each projection. 
The time required for scanning was usually 2 to 3 
minutes, and interpretation f the scan was done by 
the operating surgeon. Decisions regarding changes 
in technique were made before aortic cannulation. 
Ultrasonographic f ndings were classified as mild 
if atherosclerotic plaque was localized and less than 
3 mm, moderate if it was 3 to 5 mm, and severe if it 
was greater than 5 mm with any of the following: 
marked calcification, protruding or mobile atheroma, 
or ulcerative plaques, thrombi, or circumferential 
involvement 2,3 (Figs. 1 through 3). 
Postoperative complications. Operative death 
was defined as in-hospital death occurring any time 
after surgery. "Immediate postoperative" refers to 
patient status on reversal of anesthesia. Stroke was 
defined as new onset of neurologic deficit that is 
permanent or coma. Reversible ischemic neurologic 
deficit is a resolving ischemic neurologic deficit of 
several days to 2 weeks in duration with complete 
resolution. Transient ischemic attack is the onset of 
transient neurologic deficit lasting less than 24 hours. 
Perioperative myocardial infarction was diagnosed 
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Fig. 2. Moderate soft and calcified plaque in the posterior wall of the ascending aorta is shown 
in this transverse (A) and longitudinal (B) view. 
by new onset of Q waves on electrocardiogram or a 
total creatine phosphokinase-MB value greater than 
130 U/L. Low cardiac output was present in the 
patient requiring inotropic support for other than 
prophylaxis of mildly elevated blood urea nitrogen, 
creatinine, and renal perfusion values. Respiratory 
insufficiency was present in those patients undergo- 
ing mechanical ventilation for greater than 48 hours. 
Acute renal failure occurred in patients requiring 
peritoneal dialysis or hemodialysis after surgery. 
Sternal wound infection was defined as superficial if
it required local treatment only and deep if operation 
was necessary. 
Statistical analysis. Statistical analysis was done 
by various two-sample Z tests for determining the 
equality of patient demographics (i.e., the control vs 
study group) (Table I). Contingency tables were 
analyzed with the Fisher exact test to establish 
dependence b tween the use of aortic ultrasonogra- 
phy and the incidence of stroke (Appendix I). Finally, 
in assessing the importance of various risk factors on 
the probability of stroke, alogit model was applied to 
the data (Appendix II). A p value <0.05 was 
considered statistically significant. 
Patient charts were reviewed retrospectively in-
cluding pertinent history or physical findings, opera- 
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Fig. 3. Severe disease involving anterior and posterior walls of the ascending aorta and arch 
is shown in the transverse (A) and longitudinal (B) views. 
rive and progress notes, laboratory and x-ray reports, 
and ultrasound recordings. 
RESULTS 
In the study group, five patients died after 
surgery, for an operative mortality rate of 2.6% 
(Table II). Two patients died of cardiac causes, one 
of arrhythmia, and two of multiple-organ system 
failure. The latter two patients had prolonged post- 
operative courses and were not thought or shown at 
autopsy to have embolization to multiple organs, 
although this is possible. The ultrasonographic f nd- 
ings were normal to mild in 168 patients, moderate 
in 20 patients, and severe in 7 patients. The plaques 
identified by ultrasonography were located anteriorly 
in eight and posteriorly in 68 patients. (Anterolateral 
and medial surfaces of the aorta were included in the 
anterior group and, similarly, posterolateral nd 
medial surfaces were included in the posterior 
group.) Based on these findings, 19 patients (10%) 
(7 with severe and 12 with moderate changes) 
underwent modifications in operative technique. 
These modifications included the use of hypothermic 
fibrillatory arrest with no aortic cross-clamp and left 
ventricular venting in 14 patients, modification in 
placement of aortic cannula or the use of the single 
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Table II. Cause of postoperative d ath 
Study group (n) (n = & 2.6%) Control group (n) (n = 6; 3.6%) 
Cardiac 2 2 
Arrhythmia (VT/VF) 1 - 
Multiple-organ system failure 2 1 
Respiratory failure - 1 
Ruptured AAA - 1 
Stroke - 1 
Total 5 6 
VT/VF, Ventricular tachycardia/ventricular fibrillation; AAA, abdominal aortic aneurysm. 
cross-clamp technique in three patients, and modifi- 
cation in placement of the proximal anastomoses or
all arterial grafts in two patients (Table III). No 
patient required replacement of the ascending aorta. 
There were no strokes in the immediate postopera- 
tive period (p < 0.02, Fisher's exact test). A logit 
model was used to analyze risk factors known to 
contribute to postoperative stroke (i.e., age, diabetes, 
hypertension, peripheral vascular disease, coronary 
artery disease, and perfusion time). This model 
showed that the use of aortic ultrasonography will 
reduce the probability of stroke (p = 0.003). 
Other complications included perioperative 
myocardial infarction, which occurred in five pa- 
tients, low cardiac output, which occurred in 20 
patients, atrial arrhythmias, which developed in 102 
patients, and ventricular tachycardia/ventricular fi- 
brillation in five patients. Respiratory insufficiency 
requiring mechanical ventilation for greater than 48 
hours was present in 13 patients. Acute renal failure 
developed in two patients. Sternal wound infection 
was superficial in two patients and deep in one 
patient (Table IV). 
In the control group there were six deaths after 
surgery, for an operative mortality rate of 3.6% 
(Table II). One of the six patients had a stroke, which 
contributed irectly to the cause of death. By 
inspection and palpation, three patients were noted 
to have calcified plaques in their aortas. Technical 
modifications were made in these three patients, 
including the use of hypothermic fibrillatory arrest 
with no aortic cross-clamping and left ventricular 
venting in two patients and a single cross-clamp 
technique in one patient (Table III). There were no 
strokes in these patients; however, in the control 
group there were five strokes overall (3.0%). Of the 
strokes, three were permanent with one death and 
two were resolving several weeks after surgery, at the 
time of discharge. The carotid ultrasound study 
results in the patients with stroke were negative. 
Other morbidity included a perioperative myo- 
cardial infarction in four patients. Low cardiac 
output requiring inotropic support occurred in 12 
patients. Atrial arrhythmias developed in 75 patients 
and ventricular tachycardia/ventricular fibrillation io 
six patients. Respiratory insufficiency occurred in 10 
patients. Acute renal failure developed inone patient. 
Sternal wound infection was present as superficial in 
one patient and deep in one patient (Table IV). There 
was no significant difference in these complications 
between groups. 
DISCUSSION 
Because of improvements in perioperative medi- 
cal management, anesthesia, surgical techniques, and 
myocardial protective strategies, the complication 
rate after CABG surgery has decreased during the 
past two decades. 4 Stroke, however, emains amajor 
cause of significant morbidity in CABG surgery. 2-13 
Its cause includes air embolism from cardiopulmo- 
nary bypass circuit or intracardiac ir, cerebrovascular 
occlusive disease with embolism or hypoperfusion, 
embolism of particulate matter from hemostatic 
mechanisms or open cardiotomy, and embolism 
from unsuspected atherosclerotic disease of the as- 
cending aorta) 
Meticulous technique can prevent air or particu- 
late matter embolism from open cardiotomy. Preop- 
erative screening for extracranial occlusive disease 
often demonstrates the need for further evaluation 
and treatment of carotid artery disease. 2,3,12 How- 
ever, attempts to identify atherosderotic disease of 
the ascending aorta before surgery, and thus aid in 
planning the operative procedure, have not been 
successful. Plain chest x-ray films will occasionally 
show calcification i  the area of the ascending aorta, 
but this may not be obvious because of contrasting 
densities of surrounding structures. 14Cardiac cath- 
eterization films rarely demonstrate he ascending 
aorta clearly. Transesophageal chocardiography vi- 
sualizes the ascending aorta, with the important 
exception of the distal part, caused by the tracheal air 
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Table III. Modifications in operative technique 
Study group (n) Control group (n) 
(n = 19/195; 10%) (n = 3/164; 2%) 
Hypothermic fibrillatory arrest with no aortic cross-clamp and LV vent 14 2 
Modification in placement of aortic cannula or use of single cross-clamp technique 3 1 
Modification in placement of proximal anastomoses or all arterial grafts 2 - 
Total 19 3 
shadow. 1517 It is also an additional invasive proce- 
dure. Computed tomographic scans have not been 
helpful, use contrast agents, and are expensive. 
In recent years the value of intraoperative surface 
aortic ultrasonography has been emphasized by 
several authors. 2,3,8,9 The technique that uses the 5 
MHz probe with standoffhas not been cumbersome. 
It is safe and the information isavailable immediately 
to aid in planning operative strategy. The interpre- 
tation of the scan requires little training and is made 
by the operating surgeon. A potential limitation with 
the 5 MHz probe is technical and related to pressure 
artifact on the anterior aortic wall, which could 
obscure plaque in that area. Use of a 7.5 MHz probe 
or a multiple-frequency probe or imaging from 
different planes could clarify this if necessary. 
To assess its usefulness in decreasing stroke 
caused by embolism from disease of the ascending 
aorta, we designed our study to minimize the 
variables contributing to stroke immediately after 
surgery. We excluded patients undergoing intracar- 
diac procedures (e.g., valve replacement) because the 
stroke rate has traditionally been known to be higher 
in these groups, compared with extracardiac proce- 
dures such as CABG, s although in view of the 
advanced age of patients undergoing CABG today, 
the stroke rate may now be higher in this group. 18 
The presence of carotid artery disease was evaluated 
aggressively before surgery with duplex scanning and 
carotid arteriography to rule out disease in the 
extracranial vessels. Patients undergoing CABG and 
carotid endarterectomy were not included in the 
study. We employed standard cardiopulmonary b - 
pass techniques in consecutive CABG and rcopera- 
rive CABG cases, with the only difference related to  
the use of aortic ultrasonography in the study group. 
Although embolization from the ascending aorta can 
occur at any time, we were concerned with the effects 
of manipulating the aorta as a precipitating factor for 
embolism. Our observations wcrc therefore limited 
to the immediate postoperative p riod at the time of 
reversal of anesthesia. We excluded strokes that 
occurred hours or days after operation when the 
patient was initially shown to be neurologically 
intact, such as strokes caused by atrial fibrillation or 
hypotensive pisodes. Limitations of the study in- 
clude small sample size and nonrandom or concur- 
rent treatment of patients. The small sample size is 
due in part to the study design, which eliminates 
other subsets of patients and to the type and size of 
our practice. These limitations imposed by the 
relatively small sample size make us somewhat 
cautious of the results. However, based on the logit 
model (Appendix II), we believe the use of aortic 
ultrasonography does reduce the incidence of post- 
operative stroke in patients undergoing CABG. 
The information obtained from aortic ultrasound 
examination is useful immediately in planning the 
operative procedure. In our study, moderate or 
severe disease was found in 20 and seven patients, 
respectively. Based on these findings, we modified 
our technique of handling the ascending aorta in 19 
patients (10% of the cases). In eight patients, disease 
was located low in the aorta and out of the way of any 
manipulation, so no specific change in technique was 
made other than awareness of the presence of disease. 
The location of disease was predominately posterior, 
including posterolateral nd medial, which is differ- 
ent than in previously published reports. 9,19 The 
reason for this is not clear and may be related to 
patient population or case selection. Posteriorly 
located disease is of significance because this area is 
difficult to palpate, and plaque may go unnoticed. 
The modifications in our technique were gener- 
ally simple. They included the use of hypothermic 
fibrillatory arrest with no aortic cross-clamp and no 
left ventricular venting in 14 patients, modifications 
in placement of the aortic cannula or use of the single 
cross-clamp technique in three patients, and modifi- 
cation in the location of the proximal anastomoses or 
the use of all arterial grafts in two patients. Severe 
disease most commonly involved the area where the 
aorta was cross-clamped, and for this reason, hypo- 
thermic fibrillatory arrest with no aortic cross- 
clamping was used most frequently. A localized site 
of normal ascending aorta for placement of the aortic 
cannula was usually found or a remote route was 
used. The single cross-clamp technique used in 
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Table IV. Postoperative complications 
Study group (n) Control group (n) 
(n = 19s) (n = 164) 
Stroke 0 5 
Myocardial infarction 5 4 
Low output syndrome 20 12 
Atrial arrhythmia 102 75 
VT/VF 5 6 
Respiratory insufficiency 13 10 
Acute renal failure 2 1 
Sternal wound infection 
Superficial 2 1 
Deep 1 1 
VT/VF, Ventricular tachycardia/ventricular fib illation. 
three patients has been suggested asa way of avoiding 
the side-biting clamp and thus decreasing the poten- 
tial for emboli from this clamp. 
We did not replace the ascending aorta with 
hypothcrmic circulatory arrest in any patient. 2,s,8,9,14 
We believe the addition of aortic replacement adds to 
the complexity of the procedure, and hypothermic 
circulatory arrest is not without complications. None 
of our patients were found to have large peduncu- 
lated atheromas or severe circumferential lesions. We 
agree that in these rare cases a strategy of use of 
hypothermic irculatory arrest with replacement of 
the ascending aorta is justified. In those patients 
whose operative technique was modified, no strokes 
occurred immediately after surgery. There was one 
stroke later, after surgery, in the study group in a 
patient who had cardiac arrest and was resuscitated. 
In the control group only three modifications in 
operative technique were made based on inspection 
and palpation. No strokes occurred in these patients; 
however, five strokes occurred in the other patients 
who were thought o have a normal ascending aorta. 
The unreliability of inspection and palpation has been 
reported. 2's'9'1<17 Our other complications were not 
significantly different in the control group compared 
with the study group (Table IV). 
As shown in multiple studies, the incidence of 
atherosclerosis of the ascending aorta is related 
directly to the age of the patient and other 
comorbidities. 24,7,1°,1s,17 It is dearly documented in
the literature, and we note in our own practice that 
increasingly older and sicker patients are undergoing 
CABG and reoperative CABG surgery. 2-s,7,1°Js,17 I t  
can therefore be expected that embolic stroke from 
disease of the ascending aorta will increase unless 
efforts are made to avoid it. 
Atheroembolism can also be the cause of other 
postoperative problems including embolic injury to 
the kidneys, bowel, and peripheral circulation, lead- 
ing to rcnal failure, bowel ischcmia or infarction, and 
gangrene of the lower extremities. These complica- 
tions are substantial in both their medical magnitude 
and cost. As noted, the cost of a single stroke is 
estimated to be $250,000 per patient) The cost of 
the ultrasonic probe is $4000, which can be used with 
any available chocardiographic machine. We believe 
this procedure is cost-effective and should become a
routine part of every CABG procedure. 
We express our appreciation to Dr. Farhad Saboori, 
Associate Professor of Economics, Albright College, Read- 
ing, Pa., for his assistance with the statistical nalysis of our 
data. 
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APPENDIX  I: F ISHER'S  EXACT TEST 
FOR ASSOCIAT ION 1 
When data involve two nominal-scale vari- 
ables, with each variable having two or more 
categories, X2 analysis can be used to test whether 
there might be some relationship between the 
variables. The basic question answered by X 2 analysis 
is whether the counts or frequencies observed in 
the sample deviate significantly from some the- 
orized population frequency. In our particular 
case, our null hypothesis (Ho) is that there is no 
statistical dependence between the use of  an in- 
traoperative aortic ultrasound device ( IAUD) in 
heart surgery and the incidence o f  stroke in the 
patient. 
The use o f  the ×2 probability distribution as an 
approximation to the sampling distribution for ×2 
should be avoided when the expected counts are 
very small. As a nile o f  thumb, in a 2 × 2 con- 
tingency table, none of  the expected counts should 
be less than 5. Because in our particular case we 
do face the problem of  small cell frequency, we 
would use the Fisher exact test. The idea behind 
Fisher's exact test is that for given marginal totals 
the entries in the cells may be arranged in a number 
o f  different ways. We can write all possible 2 × 2 
tables with fixed marginal totals and calculate the 
probability o f  each such table, if null hypothesis 
were true. The probability o f  obtaining the par- 
ticular table in hand, by chance, is calculated as 
follows: 
For a 2 x 2 contingency table: 
A1 A2 
B1 a b 





(a + b)! (c + d)! (a + c)! (b + d)! 
N! a! b! c! d! 
Ho:  The number o f  patients who had postoperative 
strokes is independent o f  the use of  the IAUD 
(i.e., the two variables are independent). 
Ha: The number o f  patients who had postoperative 
strokes is dependent on the use of  IAUD.  
Cases of postoperative strokes 
Stroke No Stroke Total 
With LAUD (n) 0 195 195 
Without IAUD (n) 5 159 164 
Total (n) 5 354 359 
The probability that the particular table above was 
obtained by chance (is a random event) is: 
195!164!5!354! 
P = 359!0!195!5!159!  
= 0.0192364 
With a probability o f  approximately 0.02, we con- 
clude that the two events are dependent (i.e., the use 
of  the IAUD has affected the incidence of  stroke at 
the 6% level o f  significance). 
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APPENDIX I I  
The Logit Model 1.4 
In applying the ordinary least squares method to 
cases in which the dependent variable may take only 
values between 0 and 1, there is no assurance that the 
predicted value will lie between 0 and 1. To make sure 
that such a case does not arise, the following logit 
model is commonly adopted: 
Ln(P /1 -P )  =a+ bX+u (1) 
where P is the value of the dependent variable 
between 0 and 1 and the term in parenthesis the 
odds ratio. Solving this equation for P (by first 
exponentiating both sides), we get: 
1 
P = l+e  (~ +bx+ut (2) 
The mathematics of the model guarantees that 
probabilities estimated from the logit model (P) will 
always be within the logical bounds of 0 and 1. Logit 
models are commonly estimated by the maximum 
likelihood method. Like the ordinary least squares 
method, the maximum likelihood estimation is an 
approach for finding estimators. The maximum 
likelihood estimation of a sample is the hypothetical 
population values that maximize the likelihood of 
observing the particular sample. The common mea- 
sure of goodness of fit in logit models is the likelihood 
ratio test. The likelihood ratio is a X 2 statistic that tests 
the null hypothesis that a model that includes only the 
intercept "explains" the dependent variable better 
than the fitted model. The likelihood ratio test is 
calculated as: 
d = - 2LLR = - 2Ln(Lo/L1) = 
- 2(Lr~Lo - LnL1) (3) 
where LLR = log likelihood ratio, Lo = the value 
of the likelihood function if all the coefficients are 
restricted to 0, except he constant, and L1 = the 
value of the likelihood function for the fitted model 
(unrestricted). 
The statistic d follows a X 2 distribution with k 
degrees of freedom, where k is the number of 
independent variables in the model (number of 
restrictions). The model estimated in this study is: 
Ln(Pi/1-Pi) = al + a2 AGE + a3 HTN + 
a4 PT + a5 PVD + a6 AUD 
where AGE = age in years, HTN = hypertension, 
PT = perfusion time, PVD = peripheral vascular 
disease, and AUD = aortic ultrasonography. 
Because Pi is the probability of a stroke and (1-Pi) 
is the probability of not having a stroke, the ratio 
(Pi/1-Pi) is the odds ratio. The logit model tells us 
that the log of the odds ratio is a linear function of the 
explanatory variables in the present case. 
Dependent variable Ln(I'/1-P) 
Explanatory variables LL d p Value 
C 
C -26.334 0.57 0.45 
C, AGE -26.166 0.92 0.34 
C, AGE, PT, AUD -21.993 0.01 0.003 
C, AGE, PT, AUD, HTN -21.971 0.83 0.36 
C, AGE, PT, AUD, HTN, PVD -21.219 0.22 0.63 
Overall goodness of  fit of  the model 
(equivalent to an f test) 
Comparing equations 6 and 1: (1) LLo = 
-26.172; (6) LL1 = -21.219. 
Applying equation 3: d=-2[ -26 .334+ 
21.219] = 10.23, with ap value = 0.069. Implying 
that the model is significant at 6.9%. 
The logit regression requires the following 
assumptions: (1) The model is specified correctly. No 
important variables are omitted, and no extraneous 
variables are included. (2) The cases are independent. 
(3) None of the explanatory variables are linear 
functions of the others. Strong multicollinearity 
makes the estimates imprecise. Furthermore, the 
issue of sample size is tricky, because the statistical 
properties of the logit estimates depend not only on 
the overall sample size but also on the number of 
cases with a given combination of X and Y values. 
Skewed Y distributions are particularly troublesome. 
A sample of 200 cases, but with. only five cases with 
Y = 1, provides little information about the partial 
effects of several X variables? 
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DISCUSSION 
Dr. Paul M. Walker (Toronto, Ontario, Canada). 
This study addresses the significant problem of cerebral 
infarction associated with coronary artery bypass urgery 
and focuses primarily on the role of emboli from the 
ascending aorta associated with cannulation. As shown in 
your presentation, in the first year for the control groups, 
all patients undergoing coronary artery bypass urgery, the 
ascending aorta was evaluated by inspection or palpation 
only, whereas in the second year the study group under- 
went evaluation with surface Doppler ultrasonography. All 
coronary artery bypass operations were studied except in 
patients undergoing valve surgery, combined coronary 
artery bypass and carotid surgery, and ventticular aneurysm 
resection. All patients underwent carotid duplex scanning 
before surgery, and those with positive scan results 
underwent carotid arteriography and, where considered 
appropriate, underwent combined coronary artery bypass 
and carotid endarterectomy. 
Significant disease was identified in only three patients 
in the control group, leading to a change in operative 
technique. There was a 3% incidence of stroke in that 
group. In the study group, ultrasonic identification of 
ascending aortic atherosclerotic disease was used, leading to 
a modification of surgical technique in 10% of the patients. 
You conclude that the routine use of surface aortic 
ultrasonography can decrease the rate of stroke in coronary 
artery bypass urgery. 
The groups studied were not contemporary, and 
despite a significant difference in the incidence of aortic 
disease as identified with ultrasonography compared with 
inspection and palpation alone, we do not actually have a 
comparison of the incidence of disease when they were 
evaluated comparatively by the two techniques imulta- 
neously. 
The preoperative incidence of cerebral vascular disease 
was significantly greater in the study group (27%) com- 
pared with the control group. How many patients were 
excluded from each group because of the presence of 
carotid artery disease requiring concomitant carotid end- 
arterectomy? 
How many strokes occurred in total in these groups, 
including those that occurred several hours or days after the 
operation? 
How certain are you that a stroke in the first few hours 
could be attributed solely to atheroemboli from the 
ascending aorta? 
Finally, the modification of surgical techniques de- 
scribed directed by the assessment of the ascending aorta 
varied. Did these alterations in technique contribute 
significantly to increased postoperative morbidity or mor- 
tality rates of a cardiac nature and, if not, should they in fact 
be employed routinely to decrease the incidence of stroke 
associated with coronary artery bypass urgery? 
Dr. Andrew M. Duda. First, the groups were not 
contemporary in that both techniques were not used on 
each patient. This was true in the control group in whom 
aortic ultrasonography was not available but both were 
used in the study group. I agree that some additional 
information about the sensitivity of the techniques could 
have been obtained in this fashion. However, the low 
sensitivity of inspection and palpation has been noted in the 
literature. Also, this was not the design of the study. It 
would have been difficult o ignore ultrasound findings and 
proceed in handling the aorta in the usual way based on 
inspection and palpation. 
As far as the history of cerebral vascular disease, it was 
higher in the study group compared with the control 
group. In the study group 12 patients were excluded 
because of undergoing a combined coronary artery bypass 
grafting/carotid artery procedure. In the control group 10 
patients were excluded for this reason. These were patients 
who had significant findings on duplex scanning that were 
confirmed on arteriography. We were fairly aggressive in 
operating on high-grade stenosis and coronary artery 
disease. 
Overall, within the design of the study there were five 
strokes in the control group occurring immediately after 
surgery. In the study group one stroke occurred later after 
surgery as a result of cardiac arrest in a patient with known 
unilateral internal carotid artery occlusion. 
In designing the study, we tried to minimize the 
number of variables contributing to postoperative stroke. 
To this effect we excluded combined procedures and 
counted only strokes that occurred immediately after 
reversal of anesthesia. I do not think it can be 100% certain 
that any stroke occurring immediately after surgery is 
related to atheroembolism. Other causes of stroke during 
the procedure include the conduct of cardiopulmonary 
bypass itself including the pressures and flow rates. 
Problems with air or those related to manipulation of the 
heart could result in a stroke. 
In those patients who underwent modifications in the 
operative technique (i.e., the use of no aortic cross- 
clamping), there were no strokes and no deaths. Other 
morbidity was minor and not significantly different from 
that of the control group. The no-cross-clamp technique is
useful when the ascending aorta is diseased and you want 
to avoid placing a cross-clamp over it. It is used routinely 
by some groups; however, in certain cases it would be 
difficult if not impossible to do the procedure such as mitral 
valve replacement. Also in some cases myocardial protec- 
tion with retrograde cardioplegic solution would prove to 
be a better option. 
Dr. Gary G. Nicholas (Allentown, Pa.). Two years 
ago we reported our results at Lehigh Valley Hospital of 
1000 patients undergoing carotid endarterectomy, and
looked at their perioperative stroke rate. One of the factors 
we identified was indeed aortic calcification, as noted by the 
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operating surgeon. Did the incidence of clinical assessment 
of the aortic arch change in the study group compared with 
the control group when you started doing the duplex 
studies? 
Dr. Duda. No, the incidence of the clinical assessment 
of the aortic arch did not change in the study group 
compared with the control group after instituting aortic 
ultrasound evaluation. We continue to inspect he aorta 
carefully followed by the ultrasonic scanning. We base our 
decisions on the results of the ultrasound study because we 
believe that it is far more accurate at demonstrating what 
disease is present. 
Dr. Kenneth Grankey (Morristown, W.V.). Did you 
consider using transesophageal chocardiography to see if 
you can obtain similar information and perhaps also help 
throughout the operation in terms of evaluating the cardiac 
function? 
Dr. Duda. We use transesophageal chocardiography 
whenever we are doing mitral valve reparative surgery. We 
occasionally use it during coronary surgery when we are 
interested in assessing left ventricular wall motion before 
and after bypass. The problem with transesophageal 
echocardiography is that you have to put the device in 
before surgery. This is usually done by our anesthesiologist 
without much difficulty. However, some have to struggle, 
which makes it compare less favorably to surface aortic 
ultrasonography, which is simple and quick. The other 
problem with transesophageal chocardiography is the air 
shadow that occurs at the junction of the trachea and 
bronchi. This gives you a blind spot in the aorta approxi- 
mately at the site where the aortic cross clamp would be 
placed. We think that the aortic cross clamp is the culprit 
in many strokes, especially where there is posteriorly 
located isease that cannot be felt and may be fractured and 
embolized when cross-clamped. 
Dr. Thomas J. Fogarty (Portola Valley, Calif.). As a 
matter of routine, do you side-bite? If you do not side-bite, 
do you cross-clamp once, or do you make an attempt o 
cross-clamp only once? Currently, are you using ultra- 
sonography rather routinely, or do you have a selection 
process whereby in some situations you use it and in some 
you do not? 
Dr. Duda. As far as using the side-biting clamp, we 
generally use it to do our proximal anastomoses unless 
aortic ultrasonography demonstrates significant disease 
anteriorly. If we do not use the side-biting clamp we usually 
cross-clamp only once, as we would do in a redo coronary 
artery bypass grafting procedure. 
We now use aortic ultrasonography routinely in every 
case. In our institution the procedure has become so 
popular that we are in the process of purchasing a second 
ultrasound machine to accommodate our four operating 
rooms. As it stands now, the single machine is being 
shuffled from one room to the other to accommodate our 
operating surgeons. 
Dr. Fogarty. For those who are not cardiac surgeons, 
this is an important topic. The most common complication 
for those who do a large volume is neurologic. 
